Introduction
1 Biomarker is the measurable change associated with a physiological or 2 pathophysiological process, its nature is change(1). In contrast to the blood, which is 3 controlled by homeostatic mechanisms, urine as waste in the body accumulates 4 changes. We suggest it is more sensitive to detect changes in the urine may be more 5 sensitive than in the plasma (1, 2). In addition, urine can be easily and non-invasively 6 collected in large quantities and does not undergo significant proteolytic degradation 7 compared to other biofluids (3). We established a urimem that adsorbs biological 8 molecules in the urine onto a membrane (4, 5). This method makes it possible to store 9 and archive urine samples economically on a large scale for long-term preservation. 10 Urine may become very important for large-scale biomarker research. 11 Post-translational modifications (PTMs) are covalent modifications of a protein (6) 12 and play a vital role in modulating several biological functions. In the past decade, the 13 evolution of mass spectrometry-based proteomic methods including enrichment 14 strategies has enabled wide-scale identification of PTMs, such as acetylation (7), 15 glycosylation (8), and phosphorylation (9). Lysine acetylation (Kac), a dynamic and 16 reversible PTM, was initially discovered in histones approximately 50 years ago (10). 17 Subsequent studies were focused on chromatin remodeling for gene transcription, 18 until the first non-histone protein, p53, was identified to be lysine-acetylated (11). In indicating that Kac is involved in the regulation of diverse cellular pathways beyond 21 DNA-templated processes. Subsequent studies detected abundant Kac in non-histone 22 proteins in eukaryotes (such as in human, mouse, and Drosophila) (7, 12) and 1 prokaryotes (such as Escherichia coli, Salmonella enterica) (13, 14). 2 Lysine-acetylated proteins are involved in nearly all cellular processes and are 3 evolutionarily conserved from bacteria to mammals. These proteins are also 4 associated with important diseases such as metabolic diseases, neurodegenerative 5 disorders, and cardiovascular diseases(15-17). 6 In urine, only glycosylation and phosphorylation have been studied and applied in 7 biomarker research(8, 18). Compared to more than 400 forms of PTMs detected in 8 proteins(19), little is known about the PTMs of urine proteins. In this study, we used 9 immune-affinity-based acetyllysine peptide enrichment integrated with 10 high-resolution mass spectrometry to profile lysine-acetylated proteins in normal 11 human urine. 
Urine sample preparation 19
The first morning mid-stream urine was collected from 16 donors (8 males and 8 20 females), aged 24-40 years (average 30 and 27 years for males and females, 21 respectively), routine medical examinations were normal, and females who were in menses were excluded. Next, 20 ml urine samples were filtered through a 1 nitrocellulose membrane, urinary proteins were adsorbed onto the membrane, and the 2 membrane was dried and stored in a vacuum bag as described previously (4). Urinary 3 proteins were eluted from the membrane by vortexing, followed by quantification by 4 the Bradford method for western blot analysis. 
4. Protein digestion
1 5 mg urinary proteins were used for digestion, the protein solution was reduced with 2 10 mM DTT for 1 h at 37°C and alkylated with 20 mM IAA for 45 min at room 3 temperature in the dark. For trypsin digestion, the protein sample was diluted by 4 adding 100 mM ammonium bicarbonate to make the urea concentration less than 2 M. 5 Finally, trypsin was added at a 1:50 trypsin-to-protein mass ratio for the first digestion 6 overnight and 1:100 trypsin-to-protein mass ratio for the second 4-h digestion. In order to explore the status of lysine acetylation in the urine proteome of healthy 19 humans, western blot analysis was performed using a pan anti-acetyllysine antibody. 20 The results showed that multiple protein bands with a wide range of molecular 21 weights were detected. In addition to histones (11-15 kDa and 26 kDa), many non-histone proteins with clear bands were observed ( Fig 1B and Fig. S1 ), indicating 1 that lysine acetylation is highly abundant in human urine. Furthermore, the acetylated 2 proteins showed different patterns among different healthy individuals. This suggests 3 that lysine acetylation levels reflect various statuses of healthy people. we analyzed the 761 lysine-acetylated peptides using Motif-X software. A negatively 8 charged residue, aspartate, at the +1 and +5 positions of acetyllysine was identified 9 ( Fig 2B) . According to previous studies of human lysine acetylation (23), aspartate 10 was found to be enriched at the -1, -2, and +1 positions of the lysine acetylation site.
11
To further explore the relationship between the lysine acetylation and protein 12 secondary structures, we performed structural analysis of all acetylated proteins using 13 NetSurfP. Acetylated lysine was found in alpha-helices approximately 8.8% more 14 frequently than the average lysine and in the coil approximately 5.5% less frequently 15 (p < 0.01) ( Fig 2C) . Thus, acetylated lysine appears to be enriched in structured 16 regions and depleted in unstructured regions, which is in concordance with previous 17 reports (7, 12). 18
4. Functional analysis of lysine-acetylated proteins in urine 19
Classification analysis of the lysine-acetylated proteins identified in urine was 20 performed using the IPA tool (http://www.ingenuity.com). As shown in Fig 3A, 42 .4% 21 of lysine-acetylated proteins were annotated in the cytoplasm, 33.3% in the extracellular space, 18.8% in the plasma membrane, and 5.2% in the nucleus. The 1 proportion of cytoplasm proteins in the lysine acetylome was much higher than that in 2 the whole urinary proteome (17%) (24), while the other proportions of extracellular 3 space or plasma membrane proteins were much lower than that in the whole urinary 4 proteome (38% and 31%) (24). The major types of lysine-acetylated proteins were 5 enzymes (enzyme 25.9%, peptidase 11%, kinase 2.3%, phosphatase 1.9%, and 6 transporters 10%) ( Fig 3B) . These results provide valuable information regarding lysine acetylation in the urine 16 and may be useful in biomarker studies these diseases and disorders. 17 The main canonical pathways ( Fig 3D) in which the lysine-acetylated proteins 18 participated, including LXR/RXR activation, acute phase response signaling, and 19 FXR/RXR activation, showed the same rankings in the whole urinary proteome. 20 Among these top 7 networks, three were associated with glucose metabolism, such as 21 glycolysis I, sucrose degradation V (mammalian), and gluconeogenesis I. 22 Lysine acetylated proteins in the urine may reflect protein acetylation status in cells. 1 Discarding acetylated proteins may provide a way to modulate levels of lysine 2 acetylated proteins in cells. Our dataset provides a useful resource for the further 3 discovery of the lysine acetylated proteins as biomarker in urine. Supporting Table S1 . Acetylated peptides (Peptide-Spectrum Matches FDR < 0.1 %). 5 Supporting Table S2 . Acetylated proteins (Unique peptides 
